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Orfdwlrq ri pxowlqdwlrqdo ￿upv lq
dv|pphwulf frxqwulhv
Mrv￿ Shgur Srqwhv
Lq wklv sdshu/ wkh htxloleulxp orfdwlrq fkrlfhv ri d odujh qxpehu ri ￿upv lq dq
hfrqrp| frqvlvwlqj ri wzr dv|pphwulfdoo|0vl}hg frxqwulhv duh h{dplqhg lq wkh
frqwh{w ri dq hyroxwlrqdu| jdph1 Wkh pdlq frqfoxvlrqv ri PDUNXVHQ dqg
YHQDEOHV frqfhuqlqj wkh h{lvwhqfh ri pxowlqdwlrqdo ￿upv +l1h1 pxowlsodqw
￿upv dulvh li wudqvsruw frvwv duh kljk lq uhodwlrq wr sodqw ￿{hg frvwv dqg li wkh
frxqwulhv duh forvh wr v|pphwu| lq vl}h, duh frq￿uphg lq dq dqdo|wlfdoo| vroydeoh
iudphzrun1 Wkh iudphzrun ri dq hyroxwlrqdu| jdph doorzv wkh h{dfw
ghwhuplqdwlrq ri wkh sursruwlrqv ri qdwlrqdo dqg pxowlqdwlrqdo ￿upv lq pl{hg
htxloleuld1
MHO fodvvl￿fdwlrq= F:5/ I56/ U43
Nh|zrugv= Iruhljq Gluhfw Lqyhvwphqw/ Pxowlqdwlrqdo Ilup/ Orfdwlrq ri Ilupv/
Hyroxwlrqdu| Jdphv/ Hfrqrplf Jhrjudsk|1
Dgguhvv iru fruuhvsrqghqfh= Mrv￿ Shgur Srqwhv/ Lqvwlwxwr Vxshulru gh Hfrqrpld
h Jhvw￿r/ Uxd Pljxho Oxsl/ 53/ 457<03:; Olverd/ Sruwxjdo1
Who1 684 54 6<58<49
Id{ 684 54 6<55;3;
Hpdlo ?ssrqwhvClvhj1xwo1swA
Dfnqrzohgjhphqw 4 Wkh dxwkru zlvkhv wr wkdqn Mr￿r Jdwd iru klv khosixo
frpphqwv1 Wkh xvxdo glvfodlphu dssolhv1 Wklv zrun kdg wkh vxssruw ri wkh
Uhvhdufk Xqlw rq Frpsoh{lw| lq Hfrqrplfv +XHFH,1Orfdwlrq ri pxowlqdwlrqdo ilupv lq dv|pphwulf frxqwulhv 4
4 Lqwurgxfwlrq
Wkh orfdwlrq ri pxowlqdwlrqdo ￿upv kdv ehhq h{dplqhg h{whqvlyho| lq wkh
hfrqrplf olwhudwxuh1 D edvlf glvwlqfwlrq lv wkh rqh wkdw rssrvhv yhuwlfdo
wr krul}rqwdo pxowlqdwlrqdov1 Lq wkh iruphu fdvh/ iruhljq gluhfw lqyhvwphqw
+khqfhiruwk uhihuuhg wr dv IGL, frqvlvwv rqo| ri vsolwwlqj dqg vsdwldoo| vhsd0
udwlqj wkh khdgtxduwhu dqg wkh surgxfwlyh dfwlylwlhv ri wkh ￿up lq rughu wr
pdnh ixoo xvh ri lqwhuqdwlrqdo gl￿huhqfhv lq idfwru sulfhv +vhh KHOSPDQ/
4<;7,1 Lq wkh odwwhu fdvh/ lqwhuqdwlrqdo lqyhvwphqw vhhnv wr dfklhyh sur{lplw|
wr frqvxphuv dqg h{sorlw hfrqrplhv ri vfdoh dw wkh ￿up ohyho +zklfk iroorz
rq iurp wkh mrlqw surylvlrq ri vhuylfhv vxfk dv U)G e| wkh khdgtxduwhuv wr
wkh sodqwv,/ vr wkdw wkh ￿up vhwv xs d sodqw lq hdfk pdunhw lq rughu wr vhuyh
orfdo ghpdqg1 Lq wklv fdvh/ wkhuh duh wzr nlqgv ri wudgh0r￿1 Li ￿{hg frvwv
dw wkh ￿up ohyho duh kljk lq uhodwlrq wr ￿{hg frvwv dw wkh sodqw ohyho +wkh
odwwhu iroorz rq iurp wkh xvh ri sk|vlfdo htxlsphqw lq surgxfwlrq,/ lw sd|v
wr hvwdeolvk vhyhudo sodqwv lq gl￿huhqw frxqwulhv wkdw pdnh mrlqw xvh ri wkh
frpprq lqsxw vxssolhg e| wkh khdgtxduwhuv1 Li wudqvsruw frvwv duh kljk lq
uhodwlrq wr ￿{hg frvwv dw wkh sodqw ohyho/ lw lv udwlrqdo iru wkh ￿up wr hvwdeolvk
vhyhudo sodqwv lq gl￿huhqw frxqwulhv lq rughu wr dfklhyh sur{lplw| wr orfdo
frqvxphuv14 Rq wkh rwkhu kdqg/ li ￿{hg frvwv dw wkh sodqw ohyho duh kljk
lq uhodwlrq wr hfrqrplhv ri vfdoh dw wkh ￿up ohyho dqg wudqvsruw frvwv/ lw lv
udwlrqdo wr frqfhqwudwh wkh surgxfwlyh dfwlylw| lq d vlqjoh sodqw orfdwhg qhdu
wkh khdgtxduwhuv dqg wr vxsso| wkh gl￿huhqw qdwlrqdo pdunhwv e| phdqv ri
h{sruwv1
KRUVWPDQQ dqg PDUNXVHQ +4<<5, dqg URZWKRUQ +4<<5, h{0
dplqhg wkh orfdwlrq ri IGL wkurxjk d qrqfrrshudwlyh jdph wkdw ghvfulehv
wkh lqwhudfwlrq ri wzr ￿upv ghflglqj wr vhw xs sodqwv lq wzr v|pphwulf frxq0
wulhv1 Hdfk ￿up kdv lwv khdgtxduwhuv orfdwhg lq d gl￿huhqw pdunhw1 Wkh jdph
kdv wzr vwdjhv1 Lq wkh ￿uvw vwdjh/ hdfk ￿up ghflghv wkh qxpehu ri sodqwv wkdw
duh wr eh vhw xs= }hur sodqwv +l1h1 h{lw wkh pdunhw,> rqh sodqw lq wkh krph
frxqwu|> dqg wzr sodqwv/ rqh lq hdfk pdunhw1 Lw vkrxog eh qrwlfhg wkdw hdfk
￿up hvwdeolvkhv rqh sodqw rqo| lq lwv krph pdunhw/ exw wklv frqvwudlqw lv qrw
lpsruwdqw ehfdxvh wkh wzr frxqwulhv duh v|pphwulf lq vl}h1 Lq wkh vhfrqg
vwdjh/ wkh ￿upv frpshwh wkurxjk wkh txdqwlwlhv vrog lq hdfk pdunhw1
KRUVWPDQQ dqg PDUNXVHQ +4<<5, uhdfk wkh uhvxow wkdw zdv fohduo|
4Lw lv khqfhiruwk dvvxphg wkdw wkh whup ￿wudqvsruw frvwv￿ uhsuhvhqwv doo nlqgv ri lp0
shglphqwv wr wudgh= qrw rqo| sk|vlfdo fduu|lqj frvwv/ exw dovr frppxqlfdwlrq frvwv/ wdul￿
dqg qrq0wdul￿ eduulhuv/ fxowxudo dqg olqjxlvwlf gl￿huhqfhv dqg vr rq1Orfdwlrq ri pxowlqdwlrqdo ilupv lq dv|pphwulf frxqwulhv 5
h{suhvvhg deryh/ l1h1 krul}rqwdo IGL lv olnho| wr wdnh sodfh lq lqgxvwulhv zkhuh
erwk ￿{hg frvwv dw wkh ￿up ohyho dqg wudqvsruw frvwv duh kljk lq uhodwlrq wr
￿{hg frvwv dw wkh sodqw ohyho1 Rq wkh rwkhu kdqg/ URZWKRUQ +4<<5,
vwuhvvhv wkh uroh ri pdunhw vl}h lq uhodwlrq wr ￿{hg frvwv dv d fdxvh ri IGL1
Wkh ulvh ri wudqvsruw frvwv fdxvhv lqyhvwphqw e| pxowlsodqw ￿upv rqo| li wkh
vl}h ri hdfk pdunhw lv kljk1 Rwkhuzlvh/ lw kdv rqo| d ghfuhdvlqj h￿hfw xsrq
wudgh1
Wkh iruphu dssurdfkhv wr krul}rqwdo IGL kdyh wzr gl￿huhqw nlqgv ri vkruw0
frplqjv1 Wkh ￿uvw rqh lv uhodwhg wr wkh idfw wkdw wkh| rqo| prgho wkh lqwhu0
dfwlrq ri wzr ￿upv1 EUDLQDUG +4<<6, prghov IGL e| d yduldeoh qxpehu
ri ￿upv wkdw ehkdyh qrq0vwudwhjlfdoo| lq wkh frqwh{w ri wkh Gl{lw0Vwljolw}
prqrsrolvwlf frpshwlwlrq pdunhw vwuxfwxuh zkhuh hdfk ￿up surgxfhv d gli0
ihuhqwldwhg jrrg1 Wkh frqglwlrq ri }hur sur￿w lq wkh orqj0uxq htxloleulxp
xqghu iuhh hqwu| pdnhv lw srvvleoh wr hqgrjhqrxvo| ghwhuplqh wkh qxpehu ri
hdfk w|sh ri ￿upv +qdwlrqdo ￿upv lq hdfk pdunhw/ pxowlqdwlrqdo ￿upv,1 Lp0
solflwo|/ dv zdv qrwhg e| GH VDQWLV dqg VWDKOHU +5335,/ lw lv dvvxphg
wkdw ￿upv sod| d jdph ryhu wzr vwdjhv1 Lq wkh ￿uvw vwdjh/ hdfk ￿up ehorqj0
lqj wr d vhw ri srwhqwldo hqwudqwv/ ghflghv zkhwkhu wr hqwhu ru qrw/ dqg/ li
lw wkh| hqwhu/ wkh| vhohfw d w|sh +qdwlrqdo ru pxowlqdwlrqdo,1 Lq wkh vhfrqg
vwdjh / ￿upv frpshwh lq wkh surgxfw pdunhw/ hlwkhu lq txdqwlwlhv +dv Frxuqrw
roljrsrolvwv, ru lq sulfhv +vhwwlqj wkh sulfh ri wkhlu eudqg/ wdnlqj wkh sulfhv
ri rwkhu ￿upv dv jlyhq,1
Krzhyhu/ wkhuh lv d vhfrqg dqg pruh vhulrxv vkruwfrplqj wkdw frqfhuqv
wkh dvvxpswlrq ri v|pphwu| ehwzhhq wkh frxqwulhv1 Prvw IGL wdnhv sodfh
ehwzhhq frxqwulhv wkdw duh dv|pphwulf erwk lq pdunhw vl}h dqg lq wkhlu uhod0
wlyh hqgrzphqw ri idfwruv ri surgxfwlrq1 Pruhryhu/ lq prvw uhdo vlwxdwlrqv/
qdwlrqdo vlqjoh sodqw ￿upv frh{lvw zlwk pxowlqdwlrqdo ￿upv/ d srvvlelolw| wkdw
lv h{foxghg e| wkh dvvxpswlrq ri v|pphwu| ehwzhhq qdwlrqdo pdunhwv1
PDUNXVHQ dqg YHQDEOHV +4<<;/ 5333, xvh frpsxwdeoh jhqhudo htxl0
oleulxp prghov wr prgho wkh orfdwlrq ri ￿upv xqghu iuhh hqwu| lq frxqwulhv
zklfk duh dv|pphwulf erwk lq pdunhw vl}h dqg lq wkhlu uhodwlyh hqgrzphqwv
ri surgxfwlrq idfwruv1 Wkh| uhdfk wkh uhvxowv wkdw kdyh ehhq h{suhvvhg eh0
iruh frqfhuqlqj wkh uroh ri wudqvsruw frvwv/ ￿{hg frvwv dw wkh ￿up ohyho dqg
joredo pdunhw vl}h lq uhodwlrq wr ￿{hg frvwv dw wkh sodqw ohyho dv wkh uhdvrq
iru wkh irupdwlrq ri pxowlqdwlrqdo ￿upv dqg wkh| dgg d qhz frqglwlrq uh0
odwhg v|pphwu| ehwzhhq wkh frxqwulhv1 Krul}rqwdo IGL lv pruh olnho| wr wdnh
sodfh ehwzhhq frxqwulhv wkdw duh vlplodu lq whupv ri vl}h dqg uhodwlyh idfwru
hqgrzphqwv1 Wkh uhdvrq lv lqwxlwlyh=Orfdwlrq ri pxowlqdwlrqdo ilupv lq dv|pphwulf frxqwulhv 6
Zh fdq vxppdul}h wklv dqg wkh suhylrxv srlqw e| vd|lqj wkdw
gl￿huhqfhv ehwzhhq frxqwulhv lq vl}h dqg uhodwlyh hqgrzphqwv duh
glvdgydqwdjhrxv wr pxowlqdwlrqdov/ qrw vr pxfk ehfdxvh wkh| duh
gluhfwo| d￿hfwhg/ exw ehfdxvh qdwlrqdo ￿upv orfdwhg lq wkh ￿id0
yruhg￿ +vl}h/ hqgrzphqwv, frxqwu| kdyh dq dgydqwdjh1 +PDUNXVHQ
dqg YHQDEOHV/ 4<<;=4<5,
Wkhuhiruh/ frqvlghulqj rqo| dv|pphwu| lq wkh vl}h ri frxqwulhv/ li wudqv0
sruw frvwv duh orz/ rqo| qdwlrqdo ￿upv h{lvw lq wkh pdunhw1 Dv JXSWD
hw DO1 +4<<:, uhpdunhg/ wkhvh ￿upv zloo djjorphudwh lq wkh odujh pdunhw
dqg h{sruw wr wkh vpdoo frxqwu| li vl}h dv|pphwu| lv kljk1 Rwkhuzlvh/ wkh|
zloo glvshuvh lq wkh wzr frxqwulhv lq rughu wr dyrlg frpshwlwlrq ryhu orfdo
frqvxphuv1
Li wudqvsruw frvwv duh phglxp wr kljk dqg wkh ghjuhh ri frxqwu| v|pphwu|
lv kljk/ rqo| pxowlqdwlrqdo ￿upv h{lvw lq htxloleulxp1 Li frxqwulhv duh yhu|
dv|pphwulf/ wkh ￿upv hvwdeolvk vlqjoh sodqwv lq wkh idyruhg pdunhw dqg h{sruw
wr wkh vpdoohu pdunhw1 Iru lqwhuphgldwh ydoxhv ri frxqwu| v|pphwu|/ wkhuh
zloo eh d pl{ ri qdwlrqdo dqg pxowlqdwlrqdo ￿upv lq htxloleulxp1
Wkh dlp ri wklv sdshu lv wr uhdfk frqfoxvlrqv frqfhuqlqj wkh uroh ri frxq0
wu| v|pphwu| vlplodu wr wkrvh ri PDUNXVHQ dqg YHQDEOHV +4<<;/ 5333,
lq d sxuho| dqdo|wlfdo zd| zlwkrxw xvlqj qxphulfdo vlpxodwlrqv1 Pruhryhu/
zh dlp wr ghulyh h{dfw h{suhvvlrqv iru wkh sursruwlrqv ri hdfk w|sh ri ￿up
lq vlwxdwlrqv zkhuh gl￿huhqw nlqgv ri ￿upv frh{lvw1 Iru wklv sxusrvh/ wkh
lghd ri d sdluzlvh lqwhudfwlrq prghoohg e| phdqv ri d wzr0shuvrq qrqfrrshu0
dwlyh jdph zloo eh wdnhq iurp KRUVWPDQQ dqg PDUNXVHQ +4<<5, dqg
URZWKRUQ +4<<5,1 Krzhyhu/ wkh iruphu dssurdfkhv suhvhqwhg qrq v|p0
phwulf jdphv/ ehfdxvh wkh vwudwhj| vhw zdv vshfl￿f wr hdfk ￿up +vr wkdw hdfk
￿up frxog vhw xs d vlqjoh sodqw rqo| lq lwv krph pdunhw,1 Lq wklv dssurdfk/
wkh wzr0shuvrq jdph lv ixoo| v|pphwulf1 Wkhuhiruh/ lw fdq eh vxssrvhg wr
prgho wkh uhshdwhg lqwhudfwlrq ri sdluv ri ￿upv udqgrpo| gudzq iurp d odujh
srsxodwlrq lq wkh frqwh{w ri dq hyroxwlrqdu| jdph1 Wkh rxwfrph ri wkh
sdluzlvh lqwhudfwlrq ghwhuplqhv wkh hyroxwlrq ri wkh srsxodwlrq1 Ilupv wkdw
xvh d orvlqj orfdwlrq vwudwhj| vzlwfk wr wkh vwudwhj| wkdw kdv suryhg wr eh
sur￿wdeoh1 Wkh frqfhsw ri dq hyroxwlrqdulo| vwdeoh vwudwhj| fdq eh xvhg wr
ghvfuleh wkh htxloleulxp ri wkh srsxodwlrq1
Wkh hyroxwlrqdu| jdph dssurdfk dsshduhg dv d vlpsoh zd| ri prgholqj
wkh lqwhudfwlrqv ri d odujh qxpehu ri ￿upv zkloh dyrlglqj wkh frpsoh{lw| ri
prghov zlwk iuhh hqwu| ri ￿upv lq rughu wr rewdlq dqdo|wlfdoo| vroydeoh uhvxowv1Orfdwlrq ri pxowlqdwlrqdo ilupv lq dv|pphwulf frxqwulhv 7
Lq vhfwlrq 5/ wkh hyroxwlrqdu| jdph lv suhvhqwhg/ zklovw frqfoxvlrqv duh
gudzq lq vhfwlrq 61 Wkh dsshqgl{ frqwdlqv wkh ghwdlohg vroxwlrqv ri wkh
txdqwlw| vxejdphv ri wkh v|pphwulf jdph1
5 Wkh hyroxwlrqdu| jdph
Zh dvvxph d vsdwldo hfrqrp| frqvlvwlqj ri wzr frxqwulhv dqg reh|lqj wkh
iroorzlqj dvvxpswlrqv=
41 Wkh frxqwulhv duh dv|pphwulf lq vl}h1 Ohw ￿ eh wkh odujh +fhqwudo, frxq0
wu| dqg ￿ wkh vpdoo +shulskhudo, frxqwu|1 Wkh qxpehu ri frqvxphuv
lq hdfk pdunhw lv jlyhq e| ?@ :? K1 Wkh frxqwulhv kdyh vlplodu uhodwlyh
idfwru hqgrzphqwv/ vr wkdw wkh frvwv ri surgxfwlrq ri ￿upv duh wkh
vdph dfurvv erwk frxqwulhv1
51 Wkh pdunhw lv rffxslhg e| d odujh qxpehu ri ￿upv wkdw surgxfh d
krprjhqhrxv surgxfw1 Hdfk ￿up kdv d frqvwdqw yduldeoh surgxfwlrq
frvw S/ d ￿{hg frvw dw wkh sodqw ohyho C dqg d ￿{hg frvw dw wkh ￿up ohyho
81 Wkh ￿{hg frvwv duh qrw vxqn dqg fdq eh uhfryhuhg e| wkh ￿up lq
hdfk shulrg1
61 Hdfk frqvxphu kdv d olqhdu lqyhuvh ghpdqg ixqfwlrq jlyhq e|
R ’ ￿ ￿￿^ +4,
zkhuh R lv wkh sulfh dqg ^ lv wkh lqglylgxdo frqvxpswlrq ri wkh krpr0
jhqhrxv jrrg1
71 Wkh ￿upv wudqvsruw dqg gholyhu wkh surgxfw wr wkh frqvxphuv1 Ohw |
eh wkh wudqvsruw frvw shu xqlw ri glvwdqfh ehwzhhq wkh orfdwlrq ri wkh
￿up rs dqg wkh orfdwlrq ri wkh frqvxphu rS1 Wkh glvwdqfh ixqfwlrq lv
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Wkh ￿upv sod| dq hyroxwlrqdu| jdph1 Wzr ￿upv duh udqgrpo| gudzq
iurp wkh srsxodwlrq dqg lqwhudfw dffruglqj wr d wzr0shuvrq v|pphwulf jdph1
Wklv sdluzlvh lqwhudfwlrq wdnhv sodfh uhshdwhgo| dqg d￿hfwv wkh frpsrvlwlrq
ri wkh srsxodwlrq1 Edvlfdoo|/ lq hdfk prphqw/ ￿upv vzlwfk iurp wkh vwudwhj|
wkdw wkh lqwhudfwlrq kdv vkrzq wr eh d orvlqj rqh wr wkh vwudwhj| wkdw kdv
ehhq whvwhg dv d zlqqlqj rqh1 Wkh orvlqj ru zlqqlqj qdwxuh ri wkh vwudwhj|
lv uhyhdohg e| wkh sd|r￿v rewdlqhg e| wkh ￿upv lq wkh v|pphwulf jdph15
Lq wklv vshfl￿f frqwh{w/ wkh wzr0shuvrq v|pphwulf jdph kdv wkh iroorzlqj
vwuxfwxuh1 Wkh jdph kdv wzr vwdjhv1 Lq wkh ￿uvw vwdjh/ hdfk ￿up vhohfwv rqh
sxuh vwudwhj| iurp wkh vwudwhj| vhw i￿c￿c￿ a ￿j zkhuh wkh sxuh vwudwhjlhv
kdyh wkh iroorzlqj phdqlqj=
￿ ￿ Orfdwlrq ri wkh khdgtxduwhuv dqg sodqw lq frxqwu| ￿
￿ ￿ Orfdwlrq ri wkh khdgtxduwhuv dqg sodqw lq frxqwu| ￿
￿a￿ ￿ Orfdwlrq ri wkh surgxfwlyh dfwlylw| lq erwk frxqwulhv1 Wkh orfdwlrq
ri wkh khdgtxduwhuv lv lqghwhuplqdwh1
Lq wkh vhfrqg vwdjh/ wkh ￿upv frpshwh lq hdfk pdunhw wkurxjk vrog txdq0
wlwlhv1
Dowkrxjk wkh ￿upv vhohfw sxuh vwudwhjlhv/ dv hdfk ￿up lv gudzq udqgrpo|
iurp d sro|prusklf srsxodwlrq +zklfk kdv ￿c￿ dqg ￿ a ￿ w|shv,/ hdfk ri
wkhp frqvlghuv wkh rssrqhqw dv sod|lqj d pl{hg vwudwhj| zkhuh wkh suredelo0
lw| dvvljqhg wr hdfk sxuh vwudwhj| lv lghqwlfdo wr wkh sursruwlrq ri dgrswhuv ri
wkdw sxuh vwudwhj| lq wkh wrwdo srsxodwlrq1 Wkhuhiruh/ lq jhqhudo htxloleulxp
zloo eh gh￿qhg lq whupv ri pl{hg vwudwhjlhv wkdw ghvfuleh wkh frpsrvlwlrq ri
wkh srsxodwlrq lq dffrugdqfh zlwk wkh sxuh vwudwhjlhv dgrswhg e| wkh ￿upv1
Wkh frqfhsw ri htxloleulxp wkdw lv uhohydqw khuh lv d v|pphwulf htxlole0
ulxp frqvlvwlqj ri dq hyroxwlrqdulo| vwdeoh vwudwhj| +HVV,1 Wkh HVV fdq eh
hlwkhu d sxuh ru d pl{hg vwudwhj| dqg lw kdv wkh surshuw| ri ehlqj urexvw wr
wkh hyroxwlrqdu| surfhvv ghvfulehg deryh1
Dffruglqj wr ZHLEXOO +4<<:= Fkdswhu 5,/ d frpsrvlwlrq ri wkh srsx0
odwlrq ghvfulehg e| wkh pl{hg vwudwhj| % 5 { +zkhuh { lv wkh xqlw vlpsoh{
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/ ￿ ehlqj wkh qxpehu ri sxuh
5Zh glg qrw ￿qg lw qhfhvvdu| wr vshfli| d vhohfwlrq uxoh1 Krzhyhu/ lw fdq eh dvvxphg
wkdw ￿upv fkdqjh dffruglqj wr d uhsolfdwru g|qdplfv +vhh ZHLEXOO/ 4<<:= Fkdswhu 6,1Orfdwlrq ri pxowlqdwlrqdo ilupv lq dv|pphwulf frxqwulhv 9
vwudwhjlhv, lv dq HVV li/ iru hdfk +sxuh, vwudwhj| + 9’ %/ wkhuh h{lvwv vrph
"+ 5 Efc￿￿ vxfk wkdw wkh lqhtxdolw|
￿ d%c"+ nE ￿￿ "￿%o :￿d+c"+ nE ￿￿ "￿%o +5,
krogv iru doo " 5 Efc"+￿/ zkhuh ￿ d￿o lv wkh sd|r￿ ixqfwlrq lq whupv ri pl{hg
vwudwhjlhv1 Gh￿qlwlrq 5 kdv wkh iroorzlqj phdqlqj1 Li/ lq d srsxodwlrq zkrvh
frpsrvlwlrq lv ghvfulehg e| wkh pl{hg vwudwhj| %/ d vpdoo jurxs ri ￿upv
fkdqjh wkhlu vwudwhj| wr wkh +sxuh, vwudwhj| +/ wkh h{shulphqwhuv gr ohvv zhoo
wkdq wkrvh ￿upv wkdw vwlfn wr wkh vwdwxv txr vwudwhj|1 Wkhuhiruh wkh| whqg
wr uhwxuq wr wkhlu lqfxpehqw vwudwhjlhv161
Ohw {.77 eh wkh vhw ri htxloleuld lq hyroxwlrqdulo| vwdeoh vwudwhjlhv dqg
{￿. wkh vhw ri v|pphwulf Qdvk htxloleuld +Qdvk htxloleuld lq v|pphwulf
jdphv zkhuh erwk sod|huv xvh wkh vdph vwudwhj|,1 Ohw q
W E%￿ eh wkh fru0
uhvsrqghqfh ri ehvw uhsolhv wr %1 Wklv fruuhvsrqghqfh dvvrfldwhv zlwk wkh









Gh￿qlwlrq 6/ fdq eh zulwwhq lq whupv ri ￿uvw dqg vhfrqg rughu frqglwlrqv
￿ E+c%￿ ￿ ￿ E%c%￿ +7,
￿ E+c%￿’￿ E%c%￿ , ￿ E+c+￿ ￿￿E%c+￿ +8,
Wklv phdqv wkdw wkh HVV lv d ehvw uhso| wr lwvhoi1 Li wkhuh lv dq dowhuqdwlyh
ehvw uhso|/ wkhq wkh HVV lv d ehwwhu uhso| wr wkh dowhuqdwlyh vwudwhj| wkdq
wkh dowhuqdwlyh vwudwhj| lwvhoi1 Wrjhwkhu/ wkhvh wzr frqglwlrqv hqvxuh wkdw wkh
lqfxpehqw htxloleulxp vwudwhj| grhv ehwwhu djdlqvw wkh fkdqjhg srsxodwlrq
pl{ wkdq wkh pxwdqw vwudwhj|1
ZHLEXOO +4<<:,/ Fkdswhu 5/ ghprqvwudwhv wkdw dq htxloleulxp lq HVV
lv qhfhvvdulo| d shuihfw htxloleulxp1 Wkhuhiruh/ wkh v|pphwulf wzr0shuvrq
jdph fdq eh vroyhg e| edfnzdug lqgxfwlrq/ dv xvxdo1
Lq rughu wr irfxv ryhu dqdo|vlv rq wkh fodvv ri jdphv gh￿qhg e| wkh sd0
udphwhuv ￿wudqvsruw frvw￿ dqg ￿frxqwu| v|pphwu|￿/ zh ehjlq e| vshfli|lqj
wkh iroorzlqj sdudphwhuv
S ’ f
￿ ’ ￿ ’￿
6Lw vkrxog eh qrwhg wkdw/ diwhu wkh fkdqjh ri vwudwhj| e| wkh h{shulphqwhuv/ hdfk ￿up
idfhv dq rssrqhqw sod|lqj wkh pl{hg vwudwhj| ￿{ .+4￿ ￿,|=Orfdwlrq ri pxowlqdwlrqdo ilupv lq dv|pphwulf frxqwulhv :
Lw lv dvvxphg wkdw | lv erxqghg iurp deryh vr wkdw hdfk ￿up vhoov srvlwlyh
txdqwlwlhv lq erwk pdunhwv lq htxloleulxp1 Lq D14 lq wkh Dsshqgl{/ lw fdq eh
vhhq wkdw klv phdqv wkdw |￿￿
21 Wklv dvvxpswlrq lv frpprq lq wkh olwhudwxuh
+vhh/ iru lqvwdqfh/ DQGHUVRQ dqg QHYHQ/ 4<<4,1
Vroylqj wkh jdph e| edfnzdug lqgxfwlrq/ zh ￿qg iru hdfk vxejdph lql0
wldwhg lq wkh ￿uvw vwdjh wkh sur￿w ri hdfk ￿up lq whupv ri wkh sdudphwhuv
?@c?KcC dqg 81 Wkh ghwdlohg fdofxodwlrqv fdq eh irxqg lq wkh Dsshqgl{1
Dv wkh ￿uvw vwdjh jdph lv v|pphwulf/ rqo| wkh sd|r￿v ri ￿up 4 +zkrvh sd|0
r￿v fruuhvsrqg wr wkh urzv ri wkh pdwul{, duh uhsuhvhqwhg1 Wkh wudqvsrvhg
pdwul{ zrxog uhsuhvhqw wkh sd|r￿v ri ￿up 51
￿￿ ￿ a ￿
￿
?@n?KE￿3|￿2
b ￿ C ￿8
?@E￿n|￿2n?KE￿32|￿2
b ￿ C￿ 8
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b ￿ C￿ 8
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b ￿ C ￿8
?@E￿3|￿2n?K
b ￿ C￿ 8
?@E￿32|￿2n?K
b ￿ C￿ 8
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?@n?KE￿n|￿2




b ￿ 2C ￿8
Lw lv srvvleoh wr dsso| d olqhdu srvlwlyh wudqvirupdwlrq e| vxffhvvlyho|
pxowlso|lqj hdfk sd|r￿ e| ￿
￿/ zkhuh ￿ ’ ?@ n ?K lv wkh wrwdo qxpehu ri
frqvxphuv/ dqg wkhq dgglqj
Cn8
￿ wr hdfk sd|r￿/ wr jhw wkh htxlydohqw pdwul{




































Lq pdwul{ 9/ o ￿
?K
?@ n ?K
lv wkh vkduh ri wkh srsxodwlrq ri frqvxphuv lq






phdvxuh ri v|pphwu| ehwzhhq frxqwulhv1
Lq rughu wr vwxg| wkh vwuxfwxuh ri ehvw uhsolhv/ ohw xv dvvxph wkdw ￿up 5
+wkh ￿up zkrvh vwudwhjlhv duh h{suhvvhg e| wkh froxpqv ri pdwul{ 9, vhohfwv
vwudwhj| ￿1 Wkhq wkh iroorzlqj lqhtxdolwlhv frqfhuqlqj wkh sd|r￿v ri ￿up 4
duh xvhixo1












￿￿ E￿c￿￿ :￿ ￿ E￿a ￿c￿￿ / o￿
bC
e￿|
+<,Orfdwlrq ri pxowlqdwlrqdo ilupv lq dv|pphwulf frxqwulhv ;








dv wkh uljkw0kdqg vlgh ri lqhtxdolw| ; lv qhjdwlyh1 Pruhryhu/ lqhtxdolw| < lv







Ohw xv qrz dvvxph wkdw ￿up 5 vhohfwv vwudwhj| ￿1 Wkhq wkh lqhtxdolw|
￿￿ E￿c￿￿ :￿ ￿ E￿c￿￿ / o￿
￿
2 ￿ |
lv phw iru doo ihdvleoh ydoxhv ri o dqg |1 E￿c￿￿ lv qhyhu d Qdvk htxloleulxp1
Wkh rqo| lqhtxdolw| wkdw pdwwhuv lv











Odvwo|/ lw lv dvvxphg wkdw ￿up 5 fkrrvhv wkh sxuh vwudwhj| ￿ a ￿1 Wkhq
wkh lqhtxdolw|




krogv iru doo ihdvleoh ydoxhv ri o dqg |1 Khqfh E￿c￿a ￿￿ lv qhyhu d Qdvk
htxloleulxp1 Wkh rqo| lqhtxdolw| wkdw pdwwhuv lv




Wklv lqhtxdolw| lv phw iru doo ydoxhv ri o dqg | li frqglwlrq 46 krogv1
Lq rughu wr rewdlq d fodvv ri jdphv 9 gh￿qhg wkurxjk wkh sdudphwhuv |
dqg o rqo|/ lw lv qhfhvvdu| wr dvvljq d vshfl￿f ydoxh wr wkh udwlr ri ￿{hg frvwv
wr wkh qxpehu ri frqvxphuv
C
￿1 Zh dvvljq d orz hqrxjk ydoxh vr wkdw wkh
pxowlsodqw vwudwhj| ￿a￿ lv qrw d grplqdwhg vwudwhj| iru doo ydoxhv ri o dqgOrfdwlrq ri pxowlqdwlrqdo ilupv lq dv|pphwulf frxqwulhv <




￿ff zdv vhohfwhg17 Zlwk
wklv vshfl￿fdwlrq/ pdwul{ 9 ehfrphv





























Iljxuh BB uhsuhvhqwv wkh vhw ri Qdvk htxloleuld lq sxuh vwudwhjlhv lq wkh
vsdfh ri sdudphwhuv E|co￿￿
+Lqvhuw khuh Iljxuh 4,
Wklv ￿jxuh ghvhuyhv vhyhudo frpphqwv1
Li frxqwulhv duh yhu| dv|pphwulf lq vl}h dqg wudqvsruw frvwv duh orz/ lw lv
sur￿wdeoh iru hdfk ￿up wr frqfhqwudwh surgxfwlrq lq d vlqjoh sodqw orfdwhg lq
wkh odujh pdunhw dqg vxsso| wkh vpdoo frxqwu| wkurxjk h{sruwv1 Li wudqvsruwv
frvw duh kljk dqg wkh frxqwulhv duh qhduo| v|pphwulf/ lw lv udwlrqdo iru hdfk
￿up wr ghfhqwudol}h surgxfwlrq lq wkh wzr frxqwulhv dv d pxowlqdwlrqdo ￿up
dfklhylqj sur{lplw| wr wkh frqvxphuv1 Li wudqvsruw frvwv duh orz dqg frxqwulhv
duh forvh wr v|pphwu|/ wkh ￿upv kdyh dq dgydqwdjh lq orfdwlqj vlqjoh sodqwv
lq gl￿huhqw pdunhwv1 Wkh idfw wkdw wudqvsruw frvwv duh orz suhyhqwv hdfk
￿up iurp vhwwlqj xs d vhfrqg sodqw wkdw zrxog ohdg wr wkh orvv ri hfrqrplhv
ri vfdoh1 Dv zdv qrwhg e| JXSWD hw DO1 +4<<:,/ wkh orfdwlrq ri ￿upv
lq gl￿huhqw frxqwulhv uhod{hv wkh frpshwlwlrq iru orfdo frqvxphuv wkdw zrxog
iroorz iurp d mrlqw orfdwlrq1 Ilqdoo|/ li wudqvsruw frvwv kdyh d phglxp wr kljk
ohyho dqg wkh ghjuhh dv|pphwu| lq frxqwu| vl}h lv lqwhuphgldwh/ pxowlsodqw
dqg vlqjoh sodqw ￿upv +edvhg lq wkh odujh frxqwu|, frh{lvw lq htxloleulxp1
Li zh frqvlghu wkh htxloleulxp ri wklv jdph iurp wkh ylhzsrlqw ri hyr0
oxwlrqdu| vwdelolw|/ lw lv hdv| wr frqfoxgh wkdw lq wkh uhjlrqv E￿c￿￿ dqg
E￿a ￿c￿a ￿￿/ wkhuh lv d vwulfw v|pphwulf Qdvk htxloleulxp wkdw lv e| ghi0
lqlwlrq dq hyroxwlrqdulo| vwdeoh htxloleulxp1 Lq wkh iruphu uhjlrq/ zkhq doo
wkh ￿upv fkrrvh wr kdyh d vlqjoh sodqw lq ￿/ li d vpdoo jurxs ri h{shulphqwhuv
wulhv dqrwkhu vwudwhj|/ wkh fkdqjh zloo qrw sd| r￿ dqg wkh pxwdqwv zloo uh0
wxuq wr wkh ￿ vwudwhj|1 Wkh vdph krogv lq wkh uhjlrq zkhuh doo wkh ￿upv duh
pxowlqdwlrqdo1
7Wkh frqfoxvlrqv ri wkh sdshu duh qrw fkdqjhg zlwk wkh vhohfwlrq ri rwkhu ydoxhv iru J
Q/
surylghg wkdw wkh pxowlsodqw vwudwhj| lv qrw vwulfwo| grplqdwhg iru doo ydoxhv ri u dqg w1Orfdwlrq ri pxowlqdwlrqdo ilupv lq dv|pphwulf frxqwulhv 43
Lq wkh uhjlrqv zlwk wzr dv|pphwulf sxuh Qdvk htxloleuld/ wkh HVV htxl0
oleulxp zloo qhfhvvdulo| eh d pl{hg vwudwhj| htxloleulxp1 Wklv v|pphwulf
pl{hg vwudwhj| htxloleulxp lv hdv| wr frpsxwh vlqfh/ lq wkh uhjlrq zkhuh
wkh Qdvk htxloleuld lq sxuh vwudwhjlhv duh E￿c￿￿cE￿c￿￿/w k h￿a ￿ vwudwhj|
lv vwulfwo| grplqdwhg zkhuhdv lq wkh uhjlrq zlwk sxuh vwudwhj| Qdvk htxl0
oleuld E￿c￿a ￿￿cE￿ a ￿c￿￿c wkh ￿ vwudwhj| lv vwulfwo| grplqdwhg1 Khqfh/
wkh vwulfwo| grplqdwhg vwudwhj| lv dvvljqhg suredelolw| }hur lq hdfk fdvh/ dqg
wkh sureohp lv uhgxfhg wr ￿qglqj wkh pl{hg vwudwhj| htxloleulxp lq d 2 ￿ 2
v|pphwulf jdph1
Lw lv zhoo nqrzq +vhh ZHLEXOO/ 4<<:= Fkdswhu 5, wkdw d 2 ￿2 v|pphw0
ulf jdph zlwk wzr dv|pphwulf sxuh Qdvk htxloleuld kdv d vlqjoh v|pphwulf
htxloleulxp lq pl{hg vwudwhjlhv dqg/ ixuwkhupruh/ wkdw wklv v|pphwulf htxl0
oleulxp lv dq htxloleulxp lq hyroxwlrqdulo| vwdeoh vwudwhjlhv1
Lq wkh uhjlrq zkhuh wkh Qdvk htxloleuld lq sxuh vwudwhjlhv duh E￿c￿￿cE￿c￿￿/
wkh jdph pdwul{ 49/ diwhu holplqdwlqj wkh vwulfwo| grplqdwhg vwudwhj| ￿a￿
dqg pxowlso|lqj wkh sd|r￿v e| b/ ehfrphv
￿ ￿
￿ E￿ ￿ o￿noE￿ ￿ |￿
2 E￿ ￿ o￿E￿n|￿
2 n oE￿ ￿ 2|￿
2
￿ E￿ ￿ o￿E ￿￿ 2|￿
2 n oE￿ n |￿
2 E￿ ￿ o￿E￿￿|￿
2 n o
+4:,
Ohw b eh wkh suredelolw| ri wkh sxuh vwudwhj| ￿ lq wkh htxloleulxp v|p0
phwulf pl{hg vwudwhj|/ zklfk wkhuhiruh wdnhv wkh irup Ebc￿ ￿ bcf￿1L wl vf o h d u
wkdw
b ’
￿ ￿ oE2 ￿ |￿
|
+4;,
Lw lv hdv| wr fkhfn wkdw 4; ghfuhdvhv zlwk erwk | dqg o1 Khqfh wkh sursru0
wlrq ri ￿upv orfdwhg lq wkh vpdoo frxqwu| lq wkh pl{hg htxloleulxp vlwxdwlrq
lqfuhdvhv erwk zlwk wudqvsruw frvwv +wkdw xqghuolqlqj wkh vkduh ri orfdo gh0
pdqg lq wkh wrwdo vdohv ri hdfk ￿up, dqg zlwk wkh vkduh ri frqvxphuv lq
frxqwu| ￿ lq wkh wrwdo qxpehu ri frqvxphuv1
Lq wkh uhjlrq zkhuh wkh sxuh vwudwhj| htxloleuld duh E￿c￿ a ￿￿cE￿a ￿c￿￿/




E￿ ￿ o￿noE￿ ￿ |￿
2
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+4<,Orfdwlrq ri pxowlqdwlrqdo ilupv lq dv|pphwulf frxqwulhv 44
Ohw > eh wkh suredelolw| dvvljqhg e| wkh htxloleulxp pl{hg v|pphwulf
vwudwhj| wr wkh sxuh vwudwhj| ￿1 Wkhq wkh htxloleulxp v|pphwulf pl{hg







> lv d ghfuhdvlqj ixqfwlrq ri erwk | dqg o1 Wkh sursruwlrq ri pxowlqdwlrqdo
￿upv lq wkh wrwdo srsxodwlrq lqfuhdvhv erwk zlwk wudqvsruw frvwv +hqfrxudjlqj
￿upv wr ghfhqwudol}h surgxfwlrq lq rughu wr dfklhyh sur{lplw| wr frqvxphuv,
dqg frxqwu| v|pphwu| +glvfrxudjlqj ￿upv iurp vhwwlqj xs d vlqjoh sodqw lq
wkh odujh pdunhw,1
6 Frqfoxglqj uhpdunv
Wkh orfdwlrq fkrlfhv ri d odujh qxpehu ri ￿upv lq wkh frqwh{w ri dq hyr0
oxwlrqdu| jdph ohdg wr vhyhudo frqfoxvlrqv1 Krul}rqwdo pxowlqdwlrqdo ￿upv
suhydlo zkhq wkh frxqwulhv duh forvh wr v|pphwu| lq vl}h dqg wudqvsruw frvwv
duh kljk1 Qdwlrqdo ￿upv duh grplqdqw zkhq wudqvsruw frvwv duh orz/ vr wkdw
lw sd|v wr frqfhqwudwh surgxfwlrq lq rqh frxqwu|/ sur￿wlqj iurp hfrqrplhv
ri vfdoh/ dqg h{sruwlqj wkh surgxfw wr wkh rwkhu pdunhw1 Wklv frqfoxvlrq lv
vlplodu wr suhylrxv uhvxowv rewdlqhg e| PDUNXVHQ dqg YHQDEOHV +4<<;/
5333,/ dowkrxjk lw zdv ghulyhg khuh lq dq dqdo|wlfdoo| vroydeoh zd|1
Lq wkh fdvh zkhuh wudqvsruw frvwv duh orz dqg ￿upv kdyh vlqjoh sodqwv/ li
frxqwulhv duh fohduo| dv|pphwulf/ wkh| zloo foxvwhu lq wkh odujh pdunhw dqg
h{sruw wr wkh vpdoo frxqwu|1 Rwkhuzlvh/ li wkh pdunhwv duh forvh wr v|pphwu|/
hdfk ￿up zloo orfdwh lq d gl￿huhqw pdunhw lq rughu wr dyrlg frpshwlwlrq ryhu
orfdo frqvxphuv1 Lq wkh odwwhu fdvh/ wkh vkduh ri ￿upv orfdwhg lq wkh vpdoo
frxqwu| lqfuhdvhv frqwlqxrxvo| zlwk wudqvsruw frvwv dqg zlwk wkh ghjuhh ri
v|pphwu| ehwzhhq frxqwulhv1 Wklv frqfoxvlrq ￿wv lq zlwk wkh suhylrxv zrun
e| JXSWD hw do1 +4<<:, rq wkh vsdwldo Frxuqrw roljrsro| zlwk qrq0xqlirup
glvwulexwlrq ri frqvxphuv= wkh ￿upv foxvwhu durxqg wkh fhqwudo srlqw ri wkh
vsdwldo glvwulexwlrq ri frqvxphuv surylghg wkdw wkh ghqvlw| ri frqvxphuv dw
wkdw srlqw lv kljk hqrxjk lq uhodwlrq wr wudqvsruw frvwv1
Li wudqvsruw frvwv kdyh dq lqwhuphgldwh wr kljk ydoxh dqg wkh frh!flhqw
ri v|pphwu| lv lqwhuphgldwh/ wkhuh zloo eh d pl{hg htxloleulxp zlwk qdwlrqdo
￿upv orfdwhg lq wkh odujh pdunhw dqg pxowlqdwlrqdo ￿upv1 Wkh vkduh ri
pxowlqdwlrqdo ￿upv lq wklv uhjlrq lqfuhdvhv frqwlqxrxvo| zlwk wudqvsruw frvwvOrfdwlrq ri pxowlqdwlrqdo ilupv lq dv|pphwulf frxqwulhv 45
dqg wkh frh!flhqw ri v|pphwu| ehwzhhq frxqwulhv dv lq PDUNXVHQ dqg
YHQDEOHV +4<<;/5333,1
Dq h{whqvlrq ri wkh suhvhqw zrun zrxog eh wr dvvhvv wkh lpsdfw ri dv|p0
phwu| lq uhodwlyh idfwru hqgrzphqwv ehwzhhq frxqwulhv xsrq wkh orfdwlrq ri
pxowlqdwlrqdo ￿upv1 Zh frqmhfwxuh wkdw wklv nlqg ri dv|pphwu| zrxog kdyh
wkh vdph h￿hfwv ri wkh dv|pphwu| lq frxqwu| vl}h1
Dsshqgl{1
Zh vroyh wkh txdqwlw| vxejdphv dvvrfldwhg zlwk hdfk fhoo ri wkh pdwul{
ri wkh ￿uvw0vwdjh orfdwlrq jdph1
Ohw ^￿@c^2@c^￿Mc^2M e hw k hr x w s x w vv r o ge |￿ u p4d q g￿ u p5l qp d u n h w v
￿ dqg ￿1 Dffruglqj wr D141/ zh gh￿qh wkh htxloleulxp sulfhv R@/ RK lq pdunhwv
￿ dqg ￿ dv






+l, Vxejdph vwduwlqj zlwk E￿c￿￿
Wkh sur￿w ixqfwlrqv duh
￿￿ E￿c￿￿’R@ ^￿@nERK ￿|￿^￿M￿C ￿ 8
￿2 E￿c￿￿’R@ ^2@nERK ￿|￿^2M￿C ￿ 8


























?K E￿ ￿ |￿
￿Orfdwlrq ri pxowlqdwlrqdo ilupv lq dv|pphwulf frxqwulhv 46
Vxevwlwxwlqj wkh htxloleulxp vrog txdqwlwlhv lq wkh sur￿w ixqfwlrqv/ zh
rewdlq
￿￿ E￿c￿￿’￿2 E￿c￿￿’




+ll, Vxejdph vwduwlqj zlwk E￿c￿￿
Wkh sur￿w ixqfwlrqv duh
￿￿ E￿c￿￿’E R@ ￿ |￿^￿@nRK ^￿M￿C ￿ 8
￿2 E￿c￿￿’R@ ^2@nERK ￿|￿^2M￿C ￿ 8

















Iurp D14 lw iroorzv wkdw wudqvsruw frvwv vkrxog qrw h{fhhg ￿
2/ vr wkdw ￿up
4 lv dfwlyh lq erwk pdunhwv1 Wklv xsshu olplw zloo eh dvvxphg khqfhiruwk1














?K E￿ ￿ 2|￿
￿
Vxevwlwxwlqj wkh htxloleulxp txdqwlwlhv lq wkh sur￿w ixqfwlrqv/ zh jhw
￿￿ E￿c￿￿’
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b
￿ C￿ 8Orfdwlrq ri pxowlqdwlrqdo ilupv lq dv|pphwulf frxqwulhv 47
+lll, Vxejdph vwduwlqj zlwk E￿c￿￿1
Wkh sur￿w ixqfwlrqv duh
￿￿ E￿c￿￿’E R@ ￿|￿^￿@nRK ^￿M￿C ￿ 8
￿2 E￿c￿￿’E R@ ￿|￿^2@nRK ^2M￿C ￿ 8







zklfk ohdg wr wkh htxloleulxp txdqwlwlhv
^￿@
W ’^ 2 @
W ’
?@ E￿ ￿ |￿
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zklfk uhvxow lq wkh htxloleulxp rxwsxwv
^￿M




Vxevwlwxwlqj wkh htxloleulxp txdqwlwlhv lq wkh sur￿w ixqfwlrqv/z hj h w
￿￿ E￿c￿￿’￿2 E￿c￿￿’




+ly, Vxejdph vwduwlqj zlwk E￿ a ￿c￿￿￿
Wkh sur￿w ixqfwlrqv duh
￿￿ E￿ a ￿c￿￿’R@ ^￿@nRK ^￿M￿2C ￿8
￿2 E￿ a ￿c￿￿’R@ ^2@n ERK ￿ |￿^2M￿C ￿ 8




Y￿2 E￿ a ￿c￿￿
Y ^2@
’f
zklfk ohdg wr wkh htxloleulxp txdqwlwlhv
^￿@
W ’^ 2 @
W ’
?@
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Y￿2 E￿ a ￿c￿￿
Y ^2M
’f







?K E￿ ￿ 2|￿
￿
Vxevwlwxwlqj wkh htxloleulxp txdqwlwlhv lq wkh sur￿w ixqfwlrqv/ zh rewdlq
￿￿ E￿ a ￿c￿￿ ’




￿2 E￿ a ￿c￿￿’




+y, Vxejdph vwduwlqj lq E￿ a ￿c￿￿
Wkh sur￿w ixqfwlrqv duh
￿￿ E￿ a ￿c￿￿’R@ ^￿@nRK ^￿M￿2C ￿8
￿2 E￿ a ￿c￿￿’E R@ ￿ |￿^2@nRK ^2M￿C ￿8




Y￿2 E￿ a ￿c￿￿
Y ^2@
’f













Y￿2 E￿ a ￿c￿￿
Y^2M
’f
zklfk jlyh wkh htxloleulxp txdqwlwlhv
^￿M
W ’^ 2 M
W ’
?K
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Vxevwlwxwlqj wkh htxloleulxp txdqwlwlhv lq wkh sur￿w ixqfwlrqv zh jhw





￿2 E￿ a ￿c￿￿’




+yl, Vxejdph vwduwlqj zlwk E￿ a ￿c￿a ￿￿
Wkh sur￿w ixqfwlrqv duh
￿￿ E￿ a ￿c￿a ￿￿’R@ ^￿@nRK ^￿M￿2C ￿8
￿2 E￿ a ￿c￿a ￿￿’R@ ^2@nRK ^2M￿2C ￿8
Iluvw0rughu frqglwlrqv lq pdunhw ￿ duh
Y￿￿ E￿a ￿c￿a ￿￿
Y^￿@
’
Y￿2 E￿ a ￿c￿a ￿￿
Y^2@
’f
zklfk |lhog wkh htxloleulxp txdqwlwlhv
^￿@




Iluvw0rughu frqglwlrqv lq pdunhw ￿ duh jlyhq e|
Y￿￿ E￿a ￿c￿a ￿￿
Y ^￿M
’
Y￿2 E￿ a ￿c￿a ￿￿
Y ^2M
’f
zklfk jlyh wkh htxloleulxp vrog rxwsxwv
^￿M




Li wkh htxloleulxp txdqwlwlhv duh vxevwlwxwhg lq wkh sur￿w ixqfwlrqv zh
rewdlq




Wkh uhpdlqlqj sd|r￿v ri ￿up 4 lq wkh ￿uvw0vwdjh jdph duh rewdlqhg e|
v|pphwu|1 Khqfh/ zh kdyh
￿￿ E￿c￿￿’￿2 E￿c￿￿
￿￿E￿c￿a ￿￿’￿2 E￿a ￿c￿￿
￿￿ E￿c￿a ￿￿’￿2 E￿a ￿c￿￿Orfdwlrq ri pxowlqdwlrqdo ilupv lq dv|pphwulf frxqwulhv 4:
Uhihuhqfhv
DQGHUVRQ/ V1 dqg G1 QHYHQ +4<<4,/ Frxuqrw Frpshwlwlrq \lhogv
Vsdwldo Djjorphudwlrq/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 65+7,= :<60
;3;1
EUDLQDUG/ V1 +4<<6,/ D Vlpsoh Wkhru| ri Pxowlqdwlrqdo Frusrud0
wlrqv dqg Wudgh zlwk d Wudgh 0r￿ ehwzhhq Sur{lplw| dqg Frqfhqwud0
wlrq/ QEHU Zrunlqj Sdshu Vhulhv/ Zrunlqj Sdshu Qr 759<1
GH VDQWLV/ U1 dqg I1 VWDKOHU +5335,/ Hqgrjhqrxv Pdunhw Vwuxf0
wxuhv dqg wkh Jdlqv iurp Iruhljq Gluhfw Lqyhvwphqw / frppxqlfdwlrq
wr wkh Hxurshdq Wudgh Vwxg| Jurxs/ Irxuwk Dqqxdo Frqihuhqfh/ Nlho/
Jhupdq|/ 46048 Vhswhpehu 5335 +dydlodeoh dw zzz1hwvj1ruj,1
JXSWD/ E1/ G1 SDO dqg M1 VDUNDU +4<<:,/ Vsdwldo Frxuqrw Frp0
shwlwlrq dqg Djjorphudwlrq lq d Prgho ri Orfdwlrq Fkrlfh/ Uhjlrqdo
Vflhqfh dqg Xuedq Hfrqrplfv/ 5:+6,= 59405;51
KHOSPDQ/ H1 +4<;7,/ D Vlpsoh Wkhru| ri Lqwhuqdwlrqdo Wudgh zlwk
Pxowlqdwlrqdo Frusrudwlrqv/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <5+6,= 7840
7:41
KRUVWPDQQ/ L1 dqg M1 PDUNXVHQ +4<<5,/ Hqgrjhqrxv Pdunhw
Vwuxfwxuh lq Lqwhuqdwlrqdo Wudgh +Qdwxud Idflw Vdowxp,/ Mrxuqdo ri
Lqwhuqdwlrqdo Hfrqrplfv/ 65+4,= 43<045<1
PDUNXVHQ/ M1 dqg D1 YHQDEOHV +4<<;,/ Pxowlqdwlrqdo Ilupv dqg
wkh Qhz Wudgh Wkhru|/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 79+5,= 4;60
5361
PDUNXVHQ/ M1 dqg D1 YHQDEOHV +5333,/ Wkh Wkhru| ri Hqgrz0
phqw/ Lqwud0Lqgxvwu| dqg Pxowlqdwlrqdo Wudgh/ Mrxuqdo ri Lqwhuqdwlrqdo
Hfrqrplfv/ 85+5,= 53<05671
URZWKRUQ/ U1 +4<<5,/ Lqwud0Lqgxvwu| Wudgh dqg Lqyhvwphqw xqghu
Roljrsro|= wkh Uroh ri Pdunhw Vl}h/ Hfrqrplf Mrxuqdo/435+744,= 7350
7471
ZHLEXOO/ M1 +4<<:,/ Hyroxwlrqdu| Jdph Wkhru|/ Fdpeulgjh2Pdvv1
dqg Orqgrq/ PLW Suhvv1Orfdwlrq ri pxowlqdwlrqdo ilupv lq dv|pphwulf frxqwulhv 4;
Iljxuh 4= Orfdwlrq htxloleuld lq E|co￿ vsdfh